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| INTRODUCTION
The Child Behavior Checklist (CBCL/6-18; Achenbach, 1991a; Achenbach, Dumenci, & Rescorla, 2003) is an inventory often used in practice to assess children on behavioral and emotional problems and competencies, including attention problems (AP). Due to the broad range of child behavior and psychopathology assessed, the CBCL/6-18 is a popular instrument in research (e.g., Chen et al., 2016) and clinical context (e.g., Raiker et al., 2017) .
The Attention Problems Syndrome Scale is one of CBCL's empirically based scales and, it is used to assess the extent to which children show symptoms of AP. Graetz, Sawyer, Hazell, Arney, and Baghurst (2001) showed that scores on the AP scale are strongly associated with diagnoses of attention deficit hyperactivity disorder (ADHD)-inattentive subtype. This indicates that the AP scale significantly discriminates between ADHD inattentive and hyperactive/impulsive diagnoses. Other studies also demonstrated the sensitivity, specificity, predictive power, and clinical utility of the AP scale for an ADHD diagnosis (e.g., Raiker et al., 2017) , as well as its convergence with other established ADHD rating scales (e.g., Kasius, Ferdinand, van den Berg, & Verhulst, 1997) .
The sum scores on the CBCL's AP scale are used for scoring individuals with respect to symptom severity and, based on predefined cutoff scores, for a provisional categorization of "probable ADHD." As we will discuss below, an alternative is to use scores based on more refined models, such as item response theory (IRT) models (e.g., Embretson & Reise, 2000) . These scores provide more detailed information about severity of AP symptoms and also may improve prediction of later-life functional outcomes. In IRT, scores are interpreted by comparing their distance from items (item-referenced meaning) rather than by comparing their positions in a normally distributed reference group (norm-referenced meaning; Embretson & Reise, 2000, p. 25) . Norm-referenced scores do not inform the clinician about which symptoms are a person more likely to develop, whereas item-referenced scores do. This is possible because individual IRT-derived AP scores and symptom properties are placed on the same dimension. Individual severity scores can thus be directly linked to the probabilities of developing specific symptoms.
The main aim of this study was to determine the potential advantages of using more refined scores for the assessment of AP severity in relation to functional outcomes. We also wanted to assess how problematic the common use of sum scores was in situations where the measurement model did not fit the data well.
| Using sum scores to assess AP severity
AP scales are commonly scored using the principles of classical test theory (CTT; Lord & Novick, 1968 ). In CTT, the observed score, usually obtained by summing individuals' responses to items, is used as an estimate of the individual's true score. The use of sum scores as proxies for the true scores assumes that variation on each item is caused by a single general factor (unidimensionality/homogeneity assumption) and that measurement error is equal across all scores in a population (i.e., all individuals are measured with the same precision). Achenbach (1991a) derived the CBCL syndrome scales by imposing orthogonality of the syndromes and by forcing the items with large cross-loadings to load on only one domain. This approach ignores the fact that domains of child psychopathology are highly correlated (e.g., Angold, Costello, & Erkanli, 1999) and that some items measure more than one dimension (multidimensionality). Empirical studies showed that imposing such restrictions on the data leads to poor model fit and large cross-loadings, indicating model misspecification (e.g., Hartman et al., 1999; Van den Oord, 1993) and difficulties in interpreting CBCL sum scores as unidimensional indicators of psychopathology (Kamphaus & Frick, 1996) . Regarding ADHD, for example, a two-factor structure (i.e., inattention and hyperactivity/impulsivity) received the widest support before the year 2000 (Willcutt et al., 2012) . Since 2000, the bifactor model of ADHD has received vast support, with ADHD as a general factor and specific factors for inattention and hyperactivity/impulsivity (e.g., Caci, Morin, & Tran, 2016) . More recently, there has been considerable interest in whether sluggish cognitive tempo (SCT), a construct comprising symptoms such as daydreaming, confusion, and apathy (e.g., Becker, Burns, Schmitt, Epstein, & Tamm, 2017; Hartman, Willcutt, Rhee, & Pennington, 2004 ) is a dimension of ADHD or a separate psychopathology. Lee, Burns, Beauchaine, and Becker (2016) and Garner et al. (2017) found support, through bifactor modeling, for SCT as a distinct construct, although strongly and positively correlated with inattention. Additionally, studies on the Youth Self-Report form of the CBCL (Lambert et al., 2003; Lambert, Essau, Schmitt, & Samms-Vaughan, 2007) showed that AP symptoms differ in their level of measurement precision.
Despite these findings of multidimensionality and differences in measurement precision across items, users of the CBCL's AP scale often do not take this into account: A single unweighted sum score is still commonly used to summarize responses. However, the sum score on a scale that violates the assumptions of unidimensionality and equal measurement precision may not accurately reflect a person's true AP severity.
| IRT as a psychometric tool for assessing AP
Modern approaches based on IRT have been used less often than confirmatory factor analysis to understand and improve the assessment of AP. IRT is a modern paradigm for the construction, analysis, and scoring of tests and questionnaires. This robust approach is preferred over CTT due to its "more theoretically justifiable measurement principles and the greater potential to solve practical measurement problems" (Embretson & Reise, 2000, p. 3). One of the advantages of IRT over confirmatory factor analysis is that most IRT models consider the complete response patterns when estimating individual scores. One implication, which also applies to the assessment of AP, is that individuals with the same sum score can have different IRT-derived severity levels. Another advantage of IRT is that the score's standard error of measurement is conditional on the person's severity level as estimated by the model. In fact, one of the measurement principles of IRT is that some individuals can be measured with higher precision than others by a set of symptoms. In short, IRT provides more detailed information at any value of AP than sum scores do.
Applications of IRT to AP assessment have mostly focused on scale construction/revision and analysis, but little has been done with respect to using IRT models to improve the scoring of individuals. One exception is the work of Dumenci and Achenbach (2008) who found a strong nonlinear association between IRT-and CTT-derived scores, implying that sum scores are biased towards the ends of the trait continuum for Likert-type data. This has major implications in clinical practice, where important decisions are made based on very high or very low scores.
Typically, IRT was used for purposes such as differential item functioning analysis (e.g., Flora, Curran, Hussong, & Edwards, 2008; Lambert et al., 2007; Stevanovic et al., 2017) , test score linking (e.g., Kaat et al., 2018) , item selection (Lambert et al., 2003) , or examining item properties over time (e.g., Petersen, Bates, Dodge, Lansford, & Pettit, 2016) .
These empirical studies showed that symptoms differ with respect to the information (related to measurement precision) they provide across the severity continuum and with respect to their level of difficulty (i.e., some symptoms are endorsed more often than others).
| Present study
In the present study, we focus on the potential advantages of using IRT models for scoring individuals on the AP severity continuum. We extend the study of Dumenci and Achenbach (2008) by looking not only at the association between different types of score estimates but also at their accuracy of predicting functional outcomes measured more than 10 year later. As Dumenci and Achenbach (2008, p. 61) argued, using scoring methods that are not suited to fit Likert-type data is detrimental for inferences from longitudinal studies. As such, we first investigated the psychometric characteristics of the CBCL's AP scale at age 11, choosing the model that described the data best. Second, we investigated the practical implications, in terms of functional consequences, of using a more refined psychometric model to assess the severity of AP symptoms, by comparing sum scores to scores derived from the best fitting IRT model. We investigated the possible benefit of a psychometrically improved scale using functional outcomes at age 22 as a criterion, long after the first measurement of AP (at age 11). Because IRT models imply a more complex scoring strategy, it is relevant to assess whether the gains outweigh the added model complexity. An important contribution of this study is that the functional outcomes that we tried to predict were measured more than 10 years after the predictor was measured. Given this large time gap between measurements, any gain in predictive accuracy is extremely valuable and renders the use of psychometrically superior models worthwhile.
Given the mixed findings in the literature with respect to the factor structure of the CBCL problems domains, we refrained from advancing specific hypotheses regarding the dimensionality of the AP scale, and we favored an exploratory approach. Concerning the predictive accuracy of the different scoring methods, we hypothesized that IRTderived AP scores would have higher accuracy compared with CTT sum scores. Evidence collected to study our hypothesis includes several categories of difficulties associated with childhood AP.
| METHODS

| Sample
We analyzed data from the TRacking Adolescents' Individual Lives Survey (TRAILS; Oldehinkel et al., 2015) , a large longitudinal study conducted in the Netherlands starting in 2001, with five assessment waves (T1 through T5) completed thus far (for a more detailed description of the TRAILS design and of the first four waves, consult Oldehinkel et al., 2015) . TRAILS consists of two prospective cohorts: a population-based cohort (2,230 participants at T1) and a clinical cohort, starting roughly 2 years later and consisting of 543 children at T1 who were referred to a psychiatric specialist before the age of 11. Mean age at T1 was 11 years in both cohorts. The fifth measurement wave (T5) was completed between 2012 and 2013 (population cohort) and between 2015 and 2017 (clinical cohort) and had a retention rate of 80% of the baseline sample in the population cohort and 74% in the clinical cohort. Mean age at T5 was 22 years in both cohorts.
We used data from the first measurement wave (T1) and from the fifth measurement wave (T5). Data at T2 were used to compute the test-retest reliability of the CBCL AP scale. Respondents with missing values on more than half of the items were removed, which resulted in a dataset of 1,642 respondents in total. The percentage of missing values per variable was smaller than 5% and 7% at T1 and T5, respectively. The mice package (Van Buuren & Groothuis-Oudshoorn, 2011) in R (R Development Core Team, 2017) was used to impute the missing values.
| Measures-CBCL/6-18 AP scale
TRAILS uses the CBCL/6-18 battery. For this study, we used CBCL's empirically based Attention Problems Syndrome Scale, consisting of 10 symptoms rated on a 3-point Likert scale ranging from 0 to 2 (0 = Not true; 1 = Somewhat or sometimes true; 2 = Very true or often true). These symptoms refer to day-to-day behavior, like engaging in school work or play activities. Parents rate the behavior of their child for each symptom. The individual scores are then summed to obtain a continuous measure of AP severity. In the original sample (i.e., before removing cases due to missing values), the test-retest correlations (.66 and .70 in the population and clinical cohort) and Cronbach's alpha (.81 and .76 across cohorts) showed adequate score reliability.
| Measures-Outcomes
| Psychopathology
The self-reported Attention Problems (15 symptoms), Internalizing Problems (39 symptoms), and Externalizing Problems (35 symptoms) from the Adult Self-Report version of the CBCL were also included in the TRAILS survey and were used as long-term outcomes at T5.
Research showed that individuals who suffer from attention disorders (ADHD in particular) tend to experience these kinds of difficulties in adulthood (e.g., Molina & Pelham, 2014) . In clinical practice, a total score for each outcome is obtained by summing the individual symptom scores, after which categories of symptom severity are obtained based on gender-specific cutoff values (Achenbach & Rescorla, 2001;  see Table S1 ).
| Other outcome measures
We also considered the participants' ability to function in several life 
| Outline of the analyses
The following analyses were conducted. First, on the AP data (for both cohorts separately) at T1, we investigated whether there were violations of the assumptions underlying the use of sum scores. Second, we investigated whether such violations had practical implications on outcomes at T5. The presence of violations and poorly functioning symptoms was investigated through a combination of methods from CTT (e.g., principal component analysis [PCA], parallel analysis, and corrected item-total correlations) and IRT (e.g., the graded response model, GRM; Samejima, 1969) .
We estimated three IRT models that, from a psychometric perspective, may describe the data better: the unidimensional GRM, the multidimensional GRM, and the full-information bifactor model.
We used the R package mirt (Chalmers, 2012) to fit these models.
Several exact and approximate goodness of fit measures were inspected in order to obtain a more informative picture of model fit (Maydeu-Olivares, 2014): M2 * limited information statistic, root mean square error of approximation, standardized root mean square residual, comparative fit index and Tucker-Lewis index, Akaike information criterion, and Bayesian information criterion (see Supporting Information for a description of the models and fit indices).
The practical implications of the existing violations were investigated by comparing the predictive accuracy of AP severity scores obtained from the optimal IRT model to the traditional CBCL sum scores and to unidimensional IRT scores. We constructed receiver operating characteristic plots and computed areas under the curve (AUCs) to compare how well sum scores and IRT-derived scores at T1 can predict outcomes at T5. The goal was to compare the predictive accuracy of sum scores with IRT-based person scores to classify persons, according to the previously mentioned various criteria at T5. We decided to analyze these predictions only on the clinical cohort, because these individuals represent a high-risk group for experiencing all sorts of difficulties in functioning compared to the normal population cohort.
| RESULTS
| Sample descriptives
Descriptive statistics for the variables included in this study are presented separately by cohort and gender. At T1, the average sum score on the 10 CBCL AP symptoms was 3.5 (SD = 3.0) for girls in the population cohort, 7.5 (SD = 4.3) for girls in the clinical cohort, 4.6 (SD = 3.5) for boys in the population cohort, and 8.8 (SD = 3.6) for boys in the clinical cohort. Descriptive statistics of the outcome variables at T5 are presented in Table 1 , for the clinical cohort. The row named Total shows the total numbers and percentages of females and males across cohorts. 
| Model violations and psychometric evidence against interpreting sum scores as unidimensional indicators of AP severity
| PCA and parallel analysis
Both PCA with oblimin rotation and parallel analysis suggested two main components for both cohorts (see Table 3 for the distribution of symptoms across components).
The symptoms in the first component tap into ADHD symptoms of inattention and hyperactivity/impulsivity, and the symptoms in the second component tap into behavior that can be qualified as SCT.
Interestingly, CBCL1 ("Acts too young for his/her age") loaded inconsistently on the components and had very low communalities across cohorts: 31% and 46%, respectively. The correlation between the two components was rather small in both cohorts (about r = .3).
| IRT analyses
The previous results were corroborated by the results from IRT analysis (unidimensional GRM). In particular, these IRT analyses showed that not all symptoms are equally informative and that they do not imply the same probability of endorsement (see Table 4 and Figure 1) . Taken together, these results show that the CBCL symptoms differ with respect to the level of information they provide to measuring AP severity. Moreover, based on the results of the PCA, the symptoms violated the assumption of unidimensionality/homogeneity, and one symptom (put symptom here) was performing very poorly. The finding of multidimensionality is not surprising, because items CBCL13, CBCL17, and CBCL80 are part of a set of symptoms that is often used to assess SCT . Figure 2 shows the graphical displays of the three IRT models fitted to the data in the clinical cohort at T1. Because CBCL1 consistently showed low discrimination in the exploratory analyses, we constrained it to load only on the general factor (G) of the bifactor model, with zero loadings on the specific/group (S1/S2) factors. Table 5 shows the fit statistics corresponding to these models. When comparing the rows, we conclude that the bifactor model fits the data FIGURE 2 Confirmatory item response theory models fitted to the Attention Problems Syndrome Scale at T1, in the clinical cohort. CBCL, Child Behavior Checklist; G, general factor; GRM, graded response model; S1/S2, specific/group factors; values represent standardized factor loadings On the basis of these analyses, it is clear that the structure of the data of the CBCL's AP scale may be better represented by estimates from a more complex psychometric model than by a simple sum score. The next question then is whether using IRT-based scoring has any added practical advantages over sum scores.
| Practical consequences of ignoring model violations on the predictive accuracy of long-term outcomes
In order to evaluate our hypothesis, we compared the predictive accuracy of AP severity estimates using sum scores, person estimates derived under the GRM, and person estimates derived under the better-fitting bifactor model, with respect to long-term outcomes.
| Psychopathology
The AUC values in Table 6 indicate the proportion of individuals who were correctly classified as experiencing different problems in T5
(adulthood) based on the estimates of AP severity at T1 (age 11), for the three models considered. For adulthood AP ( Table 6 and left panel of Figure 3 ), sum scores and unidimensional GRM estimates showed the lowest predictive accuracy: 47.3% and 42.2% of the individuals with clinical levels of AP at T5 were correctly classified as experiencing these problems. On the other hand, childhood AP estimates derived from the bifactor model had higher predictive accuracy, with the highest value for S1 scores (typical ADHD symptoms). Accuracy rates for S2 (symptoms of SCT) and S1 scores were similar, and both estimates had higher accuracy rates than G (general AP) scores. For internalizing problems, we found that predictive accuracy on the basis of S1 and S2 was higher than those on the basis of other scores (difference in AUCs was 5.3 percentiles for S1 and 8.6 percentiles for S2 relative to sum scores). For externalizing problems ( Table 6 and right panel of Figure 3 ), the results showed that scores on S1 had the highest accuracy (67.9% correct classifications) compared with the other types of person scores.
| Education
For individuals with AP, educational achievement is often problematic (Fried et al., 2016) . According to our data, sum scores and GRM scores performed similarly well as the scores on S1 in terms of predictive accuracy for low, low-to-middle, and vocational education. The scores on G and S2 had low predictive accuracy compared with the other estimates.
| Work/financial/independence
Individuals with AP often encounter difficulties in finding and keeping a job and thus achieving financial independence (Brook, Brook, Zhang, Seltzer, & Finch, 2013) . For the young adults who live with their parents, Table 6 shows that all person scoring strategies considered here performed similarly in terms of predictive accuracy.
Overall, the accuracy of these estimates was around 55%. When Abbreviations: AIC, Akaike information criterion; BIC, Bayesian information criterion; CFI, comparative fit index; df, degrees of freedom associated to M2 * ; GRM, graded response model; M2 * , goodness of fit statistic; p, significance level associated with M2 * ; RMSEA, root mean square error of approximation; SRMSR, standardized root mean square residual; TLI, Tucker-Lewis index; 95% CI RMSEA, 95% confidence interval for RMSEA. a Full information bifactor model with CBCL 4, 8, 10, 41, 61, and 78 on the first specific factor, CBCL 13, 17, and 80 on the second factor, and CBCL 1 on the general factor only. Abbreviations: G, general factor; GRM, graded response model; S1, first subfactor; S2, second subfactor.
predicting unemployment ( Table 6 and left panel of Figure 4 ), there was an important increase in predictive accuracy when using score estimates from the bifactor model compared with sum scores or unidimensional GRM scores. Sum scores, GRM scores, and G scores performed similarly with regard to the accuracy of predicting individuals who benefit from several types of financial support from the government, whereas S1 and S2 underperformed in this case.
Concerning the prediction of low and low-to-middle income ( Table 6 and right panel of Figure 4 ), S1 had higher accuracy compared with the other types of person scoring. Thus, the results concerning the accuracy of predicting financial status/independence based on individuals' AP severity at T1 are somewhat mixed. For some of the outcomes in this category (living with parents and social security benefits), the different models performed similarly well. For some outcomes (never had a paid job and low/low-middle income), there was a clear advantage in using scores derived from the bifactor model.
| Relationships
For predicting individuals' ability to establish and maintain romantic relationships, results were similar for the different person scoring strategies. The predictive accuracy of these methods varied between 53% and 60% (see Table 6 ). The results for predicting later-life outcomes showed that, when comparing IRT-derived AP scores to traditional sum scores with respect to their accuracy of classifying individuals as experiencing clinical levels of long-term difficulties, the former tend to outperform the latter, thus supporting our hypothesis.
| DISCUSSION
In this study, we investigated whether the unidimensional assumption underlying the use of sum scores to assess symptom severity holds for the Attention Problems Syndrome Scale of the CBCL/6-18 and, provided that the assumption would not hold, whether violations influence predictions of later-life outcomes. We also investigated whether there are symptoms that functioned poorly in the scale. We used the CBCL/6-18 battery, which is an often used instrument in various high-stake contexts. For example, the CBCL/6-18 battery is used in pediatricians' offices, schools, mental health facilities, private practices, hospitals, child and family services, public health agencies, and for research (Gregory, 2014) .
The Attention Problems Syndrome
Scale is used to identify patients with high levels of AP (and, potentially, ADHD) who experience later-life problems. The central question in the study was whether a more refined scoring scheme could improve the prediction of later-life outcomes, and we hypothesized that it would.
Our psychometric analyses showed that two distinct factors underlie the 10-item Attention Problems Scale, one tapping into the typical ADHD symptoms of inattention and hyperactivity/impulsivity and the second into behavior that we may qualify as SCT (Hartman et al., 2004; Lee et al., 2016; Becker et al., 2017; Garner et al., 2017) . The distinct nature of the SCT factor was further supported by the low correlation with the factor comprising typical ADHD symptoms.
Moreover, we found that the 10 symptoms were not equally difficult and informative: Some symptoms were less common (e.g., "Stares blankly") than others (e.g., "Fails to finish things he/she starts"), and some had higher measurement precision in the upper range of the severity continuum (e.g., "Poor school work") than others (e.g., "Can't concentrate, can't pay attention for long"). The confirmatory analyses showed that a bifactor model with two group factors fits the data best. The symptom "Acts too young for his/her age" was found to be too general and indicative of a general developmental problem other than ADHD or SCT per se.
Knowing that multidimensionality and poorly functioning symptoms were present, we compared the traditional sum scores to scores derived from IRT models with respect to predictive accuracy. Notably, nearly all the scoring methods utilized here had AUC values lower than 0.7. Although these values indicate relatively poor predictive accuracy for the outcome measures considered here, they are quite remarkable given the long period between predictor and outcomes (more than 10 years). Considering the time span, the scores on the CBCL AP scale are good predictors for later-life difficulties experienced by individuals with AP. For some of the outcomes (i.e., adulthood AP, internalizing problems, externalizing problems, unemployment, lower income, and inability to establish romantic relationships), we found that the scores either on the general factor or on the factor comprising typical ADHD symptoms predicted at least some of the individual outcomes with higher accuracy compared with sum scores. These findings support our hypothesis at least in part, and they are in favor of using a more appropriate person scoring strategy for these data.
The separation of the ADHD and SCT symptoms in the bifactor model in our study fits into the larger body of literature on modeling ADHD symptoms via the bifactor model (e.g., Gibbins, Toplak, Flora, Weiss, & Tannock, 2012; Gomez, 2014; Gomez, Vance, & Gomez, 2013) and into the literature examining whether SCT is a symptom of ADHD or a distinct psychopathology domain (see, e.g., Garner et al., 2017) . Our findings regarding the SCT factor are in line with previous findings, in that the CBCL symptoms forming this factor had low IRT discrimination values for the general factor of AP. Moreover, when controlling for the general AP factor, the SCT scores showed higher predictive accuracy of several functional outcomes in comparison with the general AP factor. In other words, SCT scores predicted psychopathology, poor educational achievement, low-income levels, and relationship difficulties above and beyond what was predicted by the general AP factor. Still, when controlling for general AP, the ADHDspecific symptoms outperformed SCT with respect to predictive accuracy for most functional outcomes. Thus, further research is needed to clarify the added value of the SCT scores in predicting functional outcomes.
One of the great merits of the TRAILS study is that it provides repeated measurements more than 10 years apart. This enabled us to showcase the advantages of using a more refined scoring method for childhood AP, on predicting behavior. Our analyses showed that using a bifactor model rather than traditional sum scores to estimate AP severity in children allowed us to make more accurate predictions of several important functional criteria. The limitations of this study are inherited from the original TRAILS study and include the following (Oldehinkel et al., 2015, p. 76j ): attrition at follow-ups, low power for rare disorders and small interaction effects, and relatively small number of in-depth assessments. Other studies found that attrition was associated with being male, low socio-economic status, peer problems, substance use, and externalizing problems (Nederhof et al., 2012) .
Specific to our study, we mention the small sample sizes for the outcome variables used in predictions.
We encourage researchers to use IRT models for scale development and data analysis more often. Results in this paper showed that information can be gained over and above that provided by simple sum scores. In other words, IRT allows for a more fine-grained picture of the construct of interest (AP in this paper). This has potential important implications for both research and practice. Our findings are in line with, and builds upon the study of, Dumenci and Achenbach (2008, p. 61) , who also concluded that "resorting to summing items (i.e., CTT-sum) may seem like a simple solution, but it invites measurement inaccuracies, especially in both tails of the distributions." As with any statistical models, there are several shortcomings of applying IRT in the clinical field, among which we mention the relatively large sample sizes needed for optimal parameter estimation and the possibly restrictive assumptions imposed by some models on the data.
Future research can further pursue this kind of analyses for other measures of psychopathology, in order to improve measurement. To ease some of the burden of estimating IRT models, currently, there are several user-friendly software programs for practitioners who are interested in applying IRT-scoring procedures. Examples of such software are flexMIRT, IRTPRO, BILOG-MG, MULTILOG, or PARSCALE, among others (e.g., various packages in the R language). Also, for detailed descriptions of IRT models, we recommend the works of Embretson and Reise (2000) , Reckase (2009) , or Reise and Revicki (2014) . Improved measurement of psychopathology and proper scoring techniques ensure that actual decisions that are being made based on scale scores are as accurate as possible.
